Advancements in both land surface models (LSM) and land surface data assimilation, especially over the last decade, have substantially advanced the ability of land data assimilation systems (LDAS) to estimate evapotranspiration (ET). This article provides a historical perspective on international LSM intercomparison efforts and the development of LDAS systems, both of which have improved LSM ET skill. In addition, an assessment of ET estimates for current LDAS systems is provided along with current research that demonstrates improvement in LSM ET estimates due to assimilating satellite-based soil moisture products. Using the Ensemble Kalman Filter in the Land Information System, we assimilate both NASA and Land Parameter Retrieval Model (LPRM) soil moisture products into the Noah LSM Version 3.2 with the North American LDAS phase 2 (NLDAS-2) forcing to mimic the NLDAS-2 configuration. Through comparisons with two global reference ET products, one based on interpolated flux tower data and one from a new satellite ET algorithm, over the NLDAS2 domain, we demonstrate improvement in ET estimates only when assimilating the LPRM soil moisture product.
GSWP-2 also derived multi-model soil wetness values normalized to the LSM dynamic range 71 controlling the ET-runoff interplay, as described above in the PILPS analyses by Koster and 72 Milly (1997) . With respect to ET, GSWP-2 showed that ET has the smallest interannual 73 variability of any water budget variable, and that global average transpiration is about one-third 74 larger than direct evaporation from the soil. For the GSWP-2 period, latent heat flux exceeded 75 sensible heat flux by about 20%, although that may reflect an absence of soil moisture limitations 76 in later periods as observed by Jung et al. (2010) and discussed further below. 77
The third major intercomparison project, which occurred between GSWP-1 and GSWP-2, is 78 known as Rhone-AGG (Boone et al., 2004) . Rhone-AGG significantly advanced the 79 community's ability to observationally diagnose deficiencies in LSM hydrological cycles by 80 looking at spatial scaling of water and energy balance processes finer than GSWP (8km vs. The Global Land Data Assimilation System (GLDAS) led at NASA/GSFC (Rodell et al., 169 2004a) also uses satellite-and ground-based observations to construct a forcing dataset to drive 170 four LSMs. The four LSMs in GLDAS are Noah, Mosaic, VIC, and CLM, and GLDAS data 171 extends globally from January 1979 at both 1.0-degrees (all LSMs) and 0.25-degrees (Noah 172 only). In addition to extending an NLDAS-style framework to the global scale, GLDAS was one 173 of the first LDASs to routinely assimilate satellite-based surface states to improve simulated 174 water and energy fluxes and states. GLDAS has included data assimilation of MODIS snow 175 cover to constrain the modeled SWE (after Rodell and Houser, 2004) , and has also studied the 176 effects of assimilating remotely-sensed skin temperatures and soil moistures. While considering The assimilation integrations employ a one-dimensional Ensemble Kalman Filter (EnKF) 278 algorithm, which is a widely used technique for soil moisture data assimilation (Reichle et al., 279 ensemble size of 12 is used in these simulations (Kumar et al., 2008) , with perturbations applied 281 to both the meteorological fields and model prognostic fields to simulate uncertainty in the soil 282 moisture fields. The parameters used for these perturbations are listed in Table 1, 
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The results presented in this section focus first on the evaluation of the LDAS ET estimates 302 that do not employ data assimilation. This is followed by the description of the impact of soil 303 moisture data assimilation on ET estimation. 304 305 Table 2 presents the domain-averaged root mean square and bias errors and the associated 95% 307 confidence intervals, for latent (Qle) and sensible (Qh) heat flux estimates from the three LDAS 308 simulations compared against the gridded FLUXNET and MOD16 datasets. This table also  309 shows results from the data assimilation experiments to be discussed in the next section. stratifying the Qle RMSE improvements due to DA with respect to landcover type, we found that 411 the most significant improvements occur in croplands for both soil moisture datasets and both 412 reference datasets. Grassland was also found to have significant changes in Qle RMSE with both 413 datasets, and more so with respect to the MOD16 reference data. In general, DA does not occur 414 over heavily vegetated regions, due to masking out high-vegetation water content areas which 415 make soil moisture retrievals difficult. Nonetheless, our results suggest modest changes over 416 evergreen needleleaf forests and woodlands, especially for the NASA product. Tables  751   752   Table 1 
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